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This study aims to examine solid particle erosion behavior of 3003 aluminum alloy. 3003 aluminum alloy samples were eroded in erosion test rig under various particle impingement angles (15 • , 30
• , 45
• and 60 • ) and acceleration pressures (1.5, 3 and 4 bar) by using 80 mesh and 180 mesh sized erodent particles (garnet). The erosion rates of aluminum alloy samples were calculated depending on the erosion parameters. The erosion rates of the samples have varied dramatically depending on particle impingement angle, acceleration pressure and erodent particle size. The maximum erosion rates were observed at 15
• impingement angles at all acceleration pressures and particle sizes. Moreover, erosion rates of the samples were increased with increases in acceleration pressure at all particle impingement angles and particle sizes. On the other hand, erosion rates of the samples decrease with increase in erodent particle sizes. Hence, maximum erosion was observed when the aluminum alloy eroded at 15
• impingement angle and 4 bar pressure by using 180 mesh erodent particles. Finally, the eroded surfaces of the samples were analyzed by using scanning electron microscope. The surfaces of the samples were also investigated by using energy dispersive X-ray analysis in scanning electron microscopy studies. Microcutting and microploughing erosion mechanisms were observed at 15
• and 30
• impingement angles, while deep cavities and valleys formed due to plastic deformation were observed at 45
• and 60
• impingement angles. Moreover, embedded erodent particles were clearly detected on the surfaces of the samples by energy dispersive X-ray analysis. 3003 aluminum alloys have been widely used in many engineering elds due to its relatively low cost, high strength to weight ratio, and high corrosion resistance. They have been replacing conventional materials specically in automotive industry due to their superior specic properties [14] . Solid particle erosion is a process which occurs by progressive removal of material from surfaces of the target material due to repeated impact of erodent particles [57] . It has been reported that solid particle erosion causes to damages in various engineering applications specically in aircraft applications. However, it has been reported that it also plays an important role in automotive applications [8] .
Solid particle erosion is a complex process which is aected by many parameters. In literature, researchers have reported that operational parameters such as particle impingement angle, velocity and particle size plays a crucial role on the solid particle erosion behavior of materials [57] . Hence, in this study solid particle erosion behavior of 3003 aluminum alloy have been investigated depending on particle impingement angle, acceleration pressure, and erodent particle size. It is aimed to examine the eects of these parameters on the solid particle erosion behavior of aluminum alloys. Table I . The erosion test rig used in this study is illustrated in Fig. 1 . SEM photos of garnet particles used in this study are given in Fig. 2 . Accelerated particles impacted the specimen, which can be hold at various impingement angles (15
• 60
• ) by adjustable sample holder shown in Fig. 1 . Solid particle erosion test parameters are given in Table II .
Moreover, to characterize the morphology of eroded surfaces and to understand material removing mecha- nism, eroded surfaces of 3003 samples were examined by using scanning electron microscope (Tescan Vega2).
Results and discussion
In Fig. 3 , the erosion rates of the aluminum alloy depending on the particle impingement angle and acceleration pressure were given. It was clearly seen that both particle impingement angle and acceleration pressure play a crucial role in the solid particle erosion behavior of aluminum alloy. The maximum erosion rate was observed at 15
• impingement angle at all acceleration pressures. The erosion rate of the aluminum alloy was decreased with increases in particle impingement angle. On the other hand, erosion rate was increased with augmentation in acceleration pressure. The increase of the acceleration pressure causes to increase the impingement velocities of the erodent particles. As a result, at higher acceleration pressure erodent particles impact to the target material at higher velocities and the increase of the erosion rate is understandable due to high impact energies of the particles at higher velocities.
In Fig. 4 , the variation of the erosion rates of 3003 aluminum alloy depending on the erodent particles size was given. The erosion rates of the samples were decreased by the increase of the erodent particles size. The maximum erosion was observed when the aluminum alloy was eroded by using smaller erodent particles at all impingement angles and acceleration pressures. It can be concluded that smaller erodent particles can erode the aluminum alloy more eciently compared to larger erodent particles. Fig. 4 . The variation of the erosion rates of 3003 aluminum alloy depending on erodent particle size.
SEM photos and EDS analysis of the eroded surfaces of the samples were given in Fig. 5 . Materials which show ductile erosion behavior can be easily worn o by microcutting and microploughing erosion mechanisms caused by the lateral impact of the particles. On the other hand, normal impact of the particles are intensely caused to plastic deformation, however removal of material from the surfaces of ductile materials is not ecient by the normal impact of the particles.
In Fig. 5ac at 15
• impingement angle microcutting and microploughing erosion mechanisms were clearly seen, while deep cavities and valleys caused by the plastic deformation were observed at 60
• impingement angle in Fig. 5b . As a result, aluminum alloy was severely damaged at 15
• impingement angles and slightly damaged at 60
• impingement angle due to mentioned erosion mechanisms. As seen in Fig. 5 , acceleration pressure and erodent particle size did not aect the observed erosion mechanisms. However, these parameters aected the scale of the erosion damage. Increase of the acceleration pressure was caused to increase the erosion damage on the surfaces, while the erosion damage on the surface was • , 180 mesh.
decreased with the increase of the particle size. Hence, it can be said that the surface morphology of the samples was perfectly correlated with the erosion rate results of the samples. Finally, in Fig. 5b and d EDS analysis of the eroded surfaces of the sample was given. The existence of the O and Fe atoms in high percentage was the evidence of the embedded erodent garnet particles to the surfaces of the samples. Based upon the EDS analysis results, it was concluded that the erodent particles were embedded to the surfaces of the aluminum alloy during the erosion process. It was concluded that this can be possible because of the ductile behavior of the aluminum alloy.
Conclusions
In this study, particle impingement angle, velocity and erodent particle size eects on the solid particle erosion behavior of 3003 aluminum alloy have been investigated. The conclusions of the study are given below.
1. The erosion rate of the 3003 aluminum alloy was increased with increases in acceleration pressure, while it was decreased with increases in erodent particle size. On the other hand, maximum erosion was observed at 15
• impingement angle and the minimum erosion was observed at 60
• impingement angle.
At 15
• impingement angle, microploughing and microcutting were observed as dominant erosion mechanism. At 60
• impingement angle plastic deformations were observed as dominant erosion mechanisms. Acceleration pressure and erodent particle size did not aect the observed erosion mechanisms. However, these parameters aected the scale of the erosion damage. 3. EDS analysis revealed that erodent particles can be embedded on the surfaces of the samples during the erosion process due to ductility of the 3003 aluminum alloy.
